ABSTRACT
Introduction
Well known effect of air pollutants on lichens destroying and lichens disappearing from polluted areas has been massive exploited in air pollution monitoring. There are many similar works in the Europe and in the world. (5, 4, 6, 7, 8, 9, 10, 12, 13, 14, 16 ) Such kind of investigations in Serbia has started in last ten years (1, 2, 11, 18, 19, 20, 23) . Bioindication of air pollution by using lichens has not been done in Knjaževac until now as well as measuring of physical and chemical air pollution.
Knjaževac is urban settlement with the population around 20 000 and it is located in the southeastern part of Serbia, along the border with the Republic of Bulgaria and became part of the Timok Krajina, located on the northern latitude of 43° 20' to 43° 45' and east longitude of 22° 11' to 22° 41' in south part of Knjaževac valley.
As the most parts of this area, Knjaževac belongs to moderate continental up to continental climate. The mean annual temperature in period 1981-1998 is 10,2 o C; the mean annual air humidity is 73% and the mean annual rainfall 566,2 mm. According to the wind roses (Fig. 1) , the most frequent wind is west.
Materials and Methods
Lichens were collected from 18 points in Knjaževac. Investigated points are located in urban part of Knjaževac, started from the center of town until last houses on outskirts. Substrate, from samples were collected, was rind of tree species Acer negundo L., Juglans regia L. Prunus domestica L., Tilia platyphyllos Scop. Determination of collected lichen species have been done by using couple of determination books. (3, 15, 25) . In this research, we have been using numeric method Index of Atmospheric Purity (IAP). (7, 17) 
Where: n = the number of species at the spot, f = coefficient f which represents the frequency and cover of each species at the site, and Q = the ecological index of each species, i.e. the mean number of other lichen species growing with the species under study in surveyed area.
By marking of researched points on city plan and binding the points with same or similar values of IAP we got the picture of zones with different air pollution in Knjaževac, based on lichens as bioindicators (Fig. 2) . 
Results and Discussion
On 18 investigated points in Knjaževac it has been found 22 lichen taxa from 12 genera ( Table 1) . The most frequent species are Phaeophyscia orbicularis (83,25 %), Xanthoria parietina (72 %), Physcia adscendens (61 %), and Parmelia sulcata (50%). Lest frequent species are Lecidella elaeochroma and Physcia stellaris (33,3%), than (53,8 %), Buelia punctata, Candelariella xanthostigma, Lecanora sp. and Melanelia sp. (6, 16) .
Calculated IAP values are low and they are between 2 (points 6, 7, 8, 11, 14 and 16) and 12 (points 4 and 10).
According to the calculated IAP values, we got picture of zones of different air pollution level spreading in Knjaževac (Fig. 2.) .
A large part of town center is in "lichen desert" zone. Samples found in this area are obviously changed and in very bad health condition. Around this zone, in one part, is an irregular formed belt with points that have higher IAP level and could be marked as "transitional" zone. Picture of different air pollution zones in Knjaževac shows that city position in valley has a large negative impact on air quality. Next reason is traffic, couple of factories ("Leda", "Džervin") and individual sources of heating.
"Lichen desert" zone is separated on two parts with belt, width no larger than couple of hundreds of meters and it follows Trgoviški Timok River. This belt belongs to the lichen "transitional" zone. On three investigated points in this area are lichen species that have high coverness level. This fact indicates possibility of ladger "transitional" zone (B 2 ) existing. Explanation for such situation could be the influence of wind roses in the valley of this river.
Spreading of the rest part of the "transitional" zone on hills around is understandable consequence and it is already marked in a large number of investigations (21, 22, 23, 24) .
By 
Conclusions
Knjaževac is urban settlement with population around. Bioindication, physical and chemical investigation of air pollution has not been done in Knjaževac.
In this investigation 22 lichen taxa from 12 genera has been found on 18 investigated points in Knjaževac.
Lichens were found on rind of tree species Acer negundo L., Juglans regia L.Prunus domestica L., Tilia platyphyllos Scop.
According to the air pollution indication by using lichens as bioindicators and calculated IAP values, it has been found that a large part of Knjaževac center (around 50-55%) belongs to the "lichen desert" zone. Smaller part of town on northwest outskirts and near Trgoviski Timok River belongs to the lichens "transitional" zone, with moderate air pollution level.
According to the qualitative assessment of lichens sensitivity, the most sensitive species are Melanelia acetabulum, M. exasperata, Parmelia tiliacea, and Physconia grisea, and most tolerant are Lecanora alophana, L. intumescens, L. pulicaris, Phaeophyscia orbicularis, Physcia adscendens, and Xanthoria parietina.
